Fungal endocarditis in premature infants has rarely been reported; only 16 cases have been described. We present a fatal case of endocarditis due to Candida albicans in a patient requiring neonatal intensive care and parenteral nutrition via a central venous catheter; there were no preexisting pathological abnormalities. The patient had sepsis with multisystem organ failure, resulting in death. A postmortem examination was performed, and the most important findings are presented. The literature on fungal endocarditis in premature infants is reviewed as well.
A newborn boy was admitted to the neonatal intensive care unit because of prematurity (32 weeks' gestation), respiratory distress, and a high risk of infection. Premature rupture of the bag of waters had occurred 4 days before, and the baby was born by cesarean section. The Apgar score was 5/8. Blood gases showed mixed acidosis and hypoxemia (pH, 7.17; PC02, 52 mm Hg; and Po 2 , 26 mm Hg). The blood cell count revealed leukocytosis with a left shift, and a roentgenogram of the chest presented a generalized reticulonodular image compatible with idiopathic respiratory distress syndrome grade I. Cranial and cardiac ultrasonographic findings were normal. An umbilical artery catheter was placed, and treatment was initiated with the following antibiotics: ampicillin (30 mg every 12 hours), tobramycin (5.2 mg/d), and theophylline (2.5 mg/d). Levels of antibiotics in the blood were monitored.
The respiratory distress was alleviated within 48 hours of the initiation of therapy, and the blood gas levels, blood cell counts, and biochemistry values returned to normal. Markers for toxoplasmosis, rubella, cytomegalovirus infection, herpes simplex, syphilis, hepatitis B, and human immunodeficiency virus infection were negative. The initial blood culture was reported as negative.
placed for total parenteral nutrition. On day 6 the infant was less active and had occasional apneic episodes, with bradycardia and lowered pulse oximetry readings, which returned to normal levels. Leukocytosis (49 X 10 3 leukocytes/mm 3 ) with a left shift and thrombopenia (23 X 10 3 /mm 3 ) were also noted. The central venous catheter was withdrawn, and the antibiotics were replaced with cefotaxime (60 mg every 12 hours) and amikacin (8 mg every 12 hours). On day 12 vancomycin (20 mg/ d) was added to the regimen. The clinical picture worsened with the development of multisystem failure and septic shock. Chest radiography demonstrated changes similar to those seen on earlier radiographs and signs of generalized condensation. Mechanical ventilation and therapy with vasoactive drugs were started. A blood culture yielded Candida a/bieans, and treatment with amphotericin B was initiated at a dosage of 0.2 mg/ (kg"d), for a total dose of 0.6 mg. Subsequently, C. a/bieans was recovered from the catheter, from a sample of the total parenteral nutrition preparation, and from the tip ofthe endotracheal tube. The patient died 13 days after admission to the unit.
At autopsy the newborn premature boy weighed 1,360 g and measured 45 cm. No external or internal malformations were observed. Prominent cardiomegaly and hepatomegaly were noted. In the heart, at valvular level, large dark polypoid masses affected the tricuspid and pulmonary valves, with a macroscopic aspect of endocarditis. No congenital cardiopathy was observed. Histologic findings included hyphae and yeastsmore evident with periodic acid-Schiff and Grocott-Gomori methanamine-silver nitrate stains-in the cardiac valves, myocardium, lungs, kidneys, brain, and lumen of various vessels.
Literature Review
Sixteen cases of fungal endocarditis affecting neonates have been described previously (table 1). The cardiac lesions and the surgical procedures to correct them, as well as the use of indwelling catheters or other invasive practices, are important risk factors that should be carefully considered in order to avoid these rare but possible complications. Experimental work with animal models has demonstrated that both damaged endocardium and prosthetic material apparently serve as foci for the localization of candidal infection in fungal endocarditis [13, 14] . The most frequent complications of candidal endocarditis are myocarditis, valve perforation, and sepsis with involvement of the brain and kidneys. An early diagnosis and appropriate treatment may improve the rate of survival among neonates and children affected by endocarditis. Since blood cultures for the majority of patients with candidal endocarditis are positive, these should be performed as a basic control method for patients at high risk, such as lowbirth-weight infants who require intensive care. However, according to several authors, a positive blood culture result is obtained in only 25% of cases; hence, a routine microscopic urinary examination for Candida species in premature infants has been recommended [5] . Initial infection in neonates can occur by skin contamination or by the swallowing or aspiration ofvaginal secretions, either in utero or during delivery. Because of this possible high incidence of candidal colonization of surfaces in low-birth-weight children, any disruption of such surfaces (e.g., intracardiac placement of catheters) can contribute to the infection, especially if valvular endothelium is affected. This probably occurred in our case, resulting in the fatal outcome.
A combined medical and surgical approach has been used in treating infants who ultimately survived candidal endocarditis. Removal of vegetations and damaged cardiac valves and administration of antifungal agents is a combined approach that has good results [1, 10] . But antifungal therapy without surgery is an option and is the most frequently used nowadays for critically ill infants, probably because of high rates ofperioperative mortality [12, 15] . In such cases the prolonged administration of amphotericin B, without surgery, has been demonstrated experimentally to be effective [14] . Flucytosine can act in synergy with amphotericin B, allowing for the use of smaller doses of the latter. However, because of the toxicity of both antifungal agents, the use of newer and less toxic drugs, such as fluconazole, in the treatment of severe infections should be considered. Contradictory results have been seen in comparative experimental studies of such antifungal agents with rabbit models [13, 14] . Butler et al. [16] have recently reported successful treatment of neonatal systemic candidiasis with amphotericin B alone. In our case, on recognition of the presence of C. albicans in blood, treatment with amphotericin B was immediately initiated, but we could not observe the efficacy of this drug because the patient died very soon afterward.
In the cases reported to date (including the present case), the treatment and outcome were as follows: 6 patients were treated surgically and with amphotericin Band 5-fluorocytosine (4 survived); 6 patients were treated only with the latter drugs (3 died); 1 patient (ours) was treated with amphotericin B ( and died); 1 patient was treated with miconazole (and died); I patient did not receive any treatment (and died); and 2 patients' treatment was not reported (1 survived and 1 died). Twelve cases were caused by C. albicans, 3 by C. parapsilosis, and 2 by an unidentified Candida species. All these patients had a birth weight of < 1,900 g and a gestational age ofbetween 24 and 37 weeks. Ten of them were males, 6 were females, and the sex of one was not reported. In 10 ofthe cases endocarditis was diagnosed by echocardiography, in 6 this was not indicated, and in 1 it was not diagnosed when echocardiography was performed. The localization of the infection was mainly cm 1996; 22 (February) at the right atrium level. It is worth mentioning that in 15 cases the use of a central vascular catheter and parenteral nutrition was required, and practically all of these patients were receiving broad-spectrum antibiotics.
We conclude that the frequency of candidal endocarditis in premature infants is increasing and that central venous catheters, parenteral nutrition, and broad-spectrum antibiotics are important predisposing factors. Because of the possible colonization of the skin by pathogenic species of Candida, more attention should be paid to matters such as the care of indwelling catheters. A high index of suspicion, early mycological diagnosis, early amphotericin B therapy (alone or with flucytosine), and enforcement of strict infection control measures are important to decrease the incidence of these opportunistic infections.
